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Introduction

This input to the Decadal Survey presents high-level information on the current state of Artemis,
as applicable to NASA. The intent of these slides is to assist the Committee in the beginning of
their deliberations, and NASA welcomes the opportunity to speak further to the Committee on
this topic.

The final slide of this presentation includes specific requests from NASA for the Decadal Survey
Committee.

Decadal Survey Statement of Task, Study Approach
NASA invites input on where its research and mission programs can support and leverage
Agency human exploration and lunar exploration activities (including but not limited to the
Artemis program). Recommendations on the research strategy should explicitly reference those
opportunities, where appropriate. Documents describing these activities will be delivered to the
Survey Committee before or at the first meeting.




Overview

Artemis, Human Spaceflight
» Artemis Architecture
» Artemis Science Objectives
 Human Spaceflight
« Lunar Activities
* Lunar infrastructure
« Lunar Science
 Gateway, HERMES
« Mars Exploration Mission Concept (for analysis purposes only)
» Request for the Decadal Survey
« Additional information to inform discussions
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Artemis: A Foundation for Deep Space
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Artemls Sc;ence Objectlve Traceability tQ.S ‘Cieh'ce

NASA's Artemis Plan laid out seven Science Objectives:
Objective 1: Understanding Planetary Processes
Objective 2: Understanding the Character and Origin of Lunar Volatiles
Objective 3: Interpreting the Impact History of the Earth-Moon system
Objective 4: Revealing the Record of the Ancient Sun and Our Astronomical Environment
Objective 5: Observing the Universe and the Local Space Environment from a Unique Location
Objective 6: Conducting Experimental Science in the Lunar Environment
Objective 7: Investigating and Mitigating Exploration Risks

The was charged with expanding upon these Objectives using
community documents, such as the :
, and to guide them.


https://www.nasa.gov/sites/default/files/atoms/files/artemis-iii-science-definition-report-12042020c.pdf
https://solarsystem.nasa.gov/studies/182/the-lunar-exploration-roadmap-exploring-the-moon-in-the-21st-century-themes-goals-objectives-investig/
https://nap.nationalacademies.org/catalog/11954/the-scientific-context-for-exploration-of-the-moon
https://nap.nationalacademies.org/catalog/13117/vision-and-voyages-for-planetary-science-in-the-decade-2013-2022

Moon to Mars Scien ctives: Heliophysics

NASA’s Moon to Mars strategy 4 les goals for each Agency

Heliophysics Science Goal: Address those high priority heliophysics science and space weather
guestions which are best accomplished using a combination of hUman explorers and robotic systems
at the Moon, at Mars, and in deep space.

Objective HS-1: Improve understanding of space weather phenomena to enable enhanced observation
ﬁ\/lnd prediction of the dynamic environment from space to the surface at the Moon and
ars T
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https://www.nasa.gov/topics/moon-to-mars/overview
https://www.nasa.gov/sites/default/files/atoms/files/moon-to-mars-objectives-.pdf
https://www.nasa.gov/press-release/update-nasa-seeks-comments-on-moon-to-mars-objectives-by-june-3
https://www.nasa.gov/feature/nasa-reviews-comments-on-moon-to-mars-objectives
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The Moon'’s surface has been Buried regolith and regolith

bathed in solar wind, cosmic trapped between lava flows
rays throughout its history retains the historical record

of these fluxes
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. study by humans can retrieve
- Collection of core tube samples this record to understand how the

to capture ancient solar wind Sun has changed through time
trapped in regolith layers

- Understanding regolith
Stratigraphy



Human Spaceflight




Space
Radiation

Invisible to the human
eye, radiation increases
cancer risk, damages the
central nervous system,
and can alter cognitive
function, reduce motor
function and prompt
behavioral changes.
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Isolation and
Confinement

Sleep loss, circadian
desynchronization,

and work overload may
lead to performance
reductions, adverse
health outcomes, and
compromised mission
objectives.

‘8

Hazards of Human Space

Distance
from Earth

Planning and
self-sufficiency are
essential keys to a
successful mission.
Communication delays,
the possibility of
equipment failures and
medical emergencies
are some situations the
astronauts must be
capable of confronting.

flight

e

ﬁ"

Gravity
(or lack thereof)

Astronauts encounter a
variance of gravity during
missions. On Mars,
astronauts would need
to live and work in
three-eighths of Earth’s
gravitational pull for up
to two years.

®

Hqstile/Closed
Environments

The ecosystem inside a
vehicle plays a big role in
everyday astronaut life.
Important habitability
factors include
temperature, pressure,
lighting, noise, and
quantity of space. It’s
essential that astronauts

~ stay healthy and happy in
“such an environment.




Human Landing System

HLS

The first human landing systems in history to be
developed by U.S. industry will take astronauts from
lunar orbit to the surface and back again.

 Carries crew to the lunar surface and returns them
to lunar orbit

« Serves as a habitat on the lunar surface for early
Artemis missions

« Houses equipment for surface activities including
moonwalks, sample collection, and scientific
experiments







A)

B)

C)

D)

E)

F)

ARTEMIS

Lunar Infrastructure allows for a long-duration,
sustainable, human presence on the Moon

The Lunar Terrain Vehicle (LTV) provides local mobility for
crew to expand the reach of geological science investigations

The Pressurized Rover significantly broadens the accessible
area for crewed and uncrewed exploration and science
investigations

The Surface Habitat will provide living quarters, laboratory
space, and a stable home base from which we can explore
and conduct science

Fission Surface Power provides reliable power to human
landers, deployed science instruments, and ISRU systems

In Situ Resource Utilization means we can “live off the land”
and utilize the resources available on the lunar surface,
including water, power, oxygen, and construction materials

The Commercial Lunar Payloads Services (CLPS) initiative
leverages US industry to deliver payloads to the lunar surface
that include scientific investigations, technology
demonstrations, and supplies for crewed missions



https://www.nasa.gov/content/commercial-lunar-payload-services
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Lunar Discovery and Exploration Program (LDEP)

SMD'’s Lunar Discovery and Exploration Program (LDEP):

» Develops lunar surface science instruments that address Decadal and other community document
science priorities

o NASA-internal payloads, Community-developed payloads, PRISM, DALI

« Uses commercial companies to deliver payloads to the Moon (CLPS)
» Develops mobility systems to expand and enhance science investigations on the lunar surface
» Leverages international partnerships for additional opportunities (e.g., instruments, rovers)

« Defines, integrates and leads Artemis science efforts across SMD, other NASA mission directorates,
and with other US and international agencies

“...Infusing decadal-level science goals into both the Lunar Discovery and Exploration Program in
general, and into the Artemis program in particular, is viewed by the committee as an essential priority for
the next decade.” - Origins, Worlds, and Life: A Decadal Strategy for Planetary Science and Astrobiology
2023-2032



https://science.nasa.gov/solar-system/programs/lunar-discovery-exploration
https://nspires.nasaprs.com/external/solicitations/summary!init.do?solId=%7bAD1DEAD1-7060-2C93-8CD1-780AF8FC9D54%7d&path=open
https://nspires.nasaprs.com/external/solicitations/summary!init.do?solId=%7bCCF1C796-C426-2A96-0664-91648897CCA8%7d&path=open
https://nap.nationalacademies.org/catalog/26522/origins-worlds-and-life-a-decadal-strategy-for-planetary-science

e 'Commercial Lunar Payload Services (CLPS)

CLPS is an innovative, service-based model designed to utilize commercial landers to quickly,
and affordably, deliver payloads to the lunar surface

« 14 American companies are currently included as CLPS vendors and can bid on deliveries of
prescribed payloads to specified locations on the lunar surface

 CLPS payloads are customer-owned, delivered items, but the missions are vendor missions,
not NASA missions

» Services provided by CLPS vendors include landing, power, communications, data,
operations, and may evolve to include other services as required by the customers

« 7 deliveries with 44 NASA instruments have thus far been awarded to be delivered through
2025, with an expected cadence of two deliveries per year sponsored by SMD

TO2 2022 TO02/20C 2022 TO19C 2023 TO PRIME-1 2023 TO20A 2023 TO19D 2024 CP-11 2024
Astrobotic Intuitive Machines Masten Intuitive Machines Astrobotic Firefly Aerospace Intuitive Machines
Peregrine NOVA-C XL-1 NOVA-C Griffin Blue Ghost NOVA-C







Gateway
Expanded Configuration

A robust orbiting laboratory and a home
away from home for astronauts on their
way to and from the lunar surface

sSPACEX
Logistics Module

Gateway External
Robotic System (GERS)

| HTV-XG Logistics !
i Resupply i

MAXAR (not pictured)
Power and Propulsion
Element (PPE)
“ Airlock
sPACEX (provider TBD)

| Co-manifested PPE/HALO
i Launch Vehicle (not pictured)

International Habitat

Habitation and (I-HAB)
Logistics Outpost s _
(HALO) dcesa LfXA
> NORTHROP 4
GRUMMAN | -------H_.- ' & - “s----------

' Orion Spacecraft ! European |

Service Module
_________________ ! Note: Final Gateway

&E‘;esa configuration may be

updated from what is
shown here

Human Landing System (HLS)
(govt. reference concept shown)




~ GATEWAY ORBIT

Cislunar space offers innumerable orbits for c.onsider'ation, each with merit for a variety of operations.
The Gateway will support missions to the lunar surface and serve as a staging area for exploration
farther into the solar system, including Mars.

ORBIT TYPES NEAR-RECTILINEAR HALO ORBIT (NRHO)

LOW LUNAR ORBITS N
Circular or elliptical orbits close to the

surface; excellent for remote sensing,

eg: . o e . E t fl’ m
difficult to maintain in gravity well. asy 10 access 1ro

Earth orbit with many

ACCESS o—/’.' 5

\\—o SCIENCE

Favorable vantage point
for Earth, sun and deep

» Orbit period: 2 hours current launch vehicles; ,' . space observations
staging point for both I 1
@ lunar surface and deep : : COMMUNICATIONS
il DISTANT RETROGRADE ORBITS space destinations \ : Provides continuous view
p Very large, circular, stable orbits; easy ! y of Earth and communication
to reach from Earth, but far from the ‘\ ,’ relay for lunar farside
lunar surface ENVIRONMENT c——— NRHO g
....... ” - The deep space environment ’
» Orbit period: 2 weeks is useful for radiation testing S = SURFACE OPERATION_S
@ and experiments in preparation Supports surface telerobotics,

for missions to the lunar
surface and Mars

HALO ORBITS

Fuel-efficient orbits revolving around
Earth-Moon neutral-gravity points

» Orbit period: 1-2 weeks

including lunar farside; provides
a staging point for planetary
sample return missions



]

E_arly Gateway Science Payloads

{ o - Launched with PPE and HAfLO
\ e

- ERSA: The European S,(pace Agencys (ESA)
radiation instrument package will help provide an
understanding of how to keep astronauts safe by
monitoring the radiation exposure in Gateway's
unique orbit. Q

« HERMES: NASA's space weather instrument suite \
will observe solar particles and solar wind created :
by the Sun. |

« ESA Internal Dosimeter Array, including
Instruments provided by the Japan Aerospace:
Exploration Agency. Data provided will allow for the
study of radiation shielding effects and improve
radiation physics models for cancer, cardiovascular,
and central nervous system effects, helping assess
crew risk on exploration missions.



HERMES Science Goals and Objectives

Moon’s Orbit
S — A: Determine mechanisms of
solar wind mass and energy

transport

Al: Determine effects of large-scale
structures on plasma transport and
particle energies within the solar wind.

Goal A A2: Determine effects of small-scale

¢ Solar Wind structures on plasma transport and

80% of Moon’s orbit particle energies within the solar wind.
solar wind ——
) 1 || B: Characterize energy, topology, | B1l: Determine structure and dynamics
Sun Earth Earth’s magnetOta" and ion composition in the deep of the magnetotail at lunar orbit.
———— ® magnetotail
B2: Quantify energy content of the
Goal B _ magnetotail at lunar orbit.
—- Magnetotail _ - -

20% of Moon’s Orbit B3: Quantify transport of atmospheric

ions.

C: Establish observational
capabilities of an on-board
pathfinder payload measuring
local space weather to support
deep-space and long-term human
exploration

C1l: Assess the effects of field of view
[imitations associated with
accommodation on Gateway.

C2: Assess interference with
measurements due to electric currents
and surface charging.




Instrument Measurement Cadence | THEMIS Provider/PI
EQUIVALENT?

MERIT:

Miniaturized Electron
pRoton Telescope

NEMISIS:

Noise Eliminating
Magnetometer In a

Small Integrated
System

SPAN-I:
Solar Probe
Analyzer - lons

EEA:
Electron
Electrostatic
Analyzer

HERMES Instruments

High energy electron
flux

High energy proton
flux

(i.e. radiation)
Magnetic field vector 0.1s
(x3)

1 fluxgate sensor
2 pni sensors

Low energy ion flux, 0.218 s
density, temperature,
velocity, Mass/Charge

ID

Low energy electron 10s
flux, density,
temperature

Yes

Partial (No
Mass/Charge)

Yes

NASA GSFC/
Shrikanth
Kanekal

NASA GSFC/
Eftyhia Zesta,

U.Mich/Mark
Moldwin

U.C. Berkeley/
Roberto Livi

NASA GSFC/
Daniel
Gershman

NEMISIS/' 7

Fluxgate
Sensor

EEA

SPAN-I /

PNI Sensor
(10f2)

HERMES

MASS ~ 33 kg or less
(X)Y,Z2) <0.5X 0.5X 0.5m (Boom Stowed)
Magnetometer Boom Extends ~1m




Note: Reference architecture for
analysis purposes only. Information
does not reflect a finalized plan.




STRATEGIC ANALYSIS CYCLE (SAC) 21:
Reference First Human Mars Mission Concept

Current analysis includes 4 crew

2 remain in Mars orbit while 2
explore the Mars surface

Cislunar, Deep Space

and 5-sol Mars orbit Vs Surface

sacsiblaiof

Nuclear Landers and Mars Ascent and

opportunity
analyzed

| Transportation  Surface Systems Earth Return

: @ A\

Crew away from  ~30 sols
Earth ~2.5 years  on Mars

il

Science, Exploration,
and U.S. leadership

‘ Pre-Deployed Cargo Phase

Crewed Surface Exploration Phase
“Light” Exploration Footprint




SAC21 First Mars Reference Mission

Reference architecture for analysis purposes only. Should not be considered “the plan”

TRANSIT HABITAT (TH) AND HYBRID
NUCLEAR ELECTRIC PROPULSION (NEP) /
CHEMICAL STAGE

» Supports four crew on the long mission to Mars

* Two crew remain in orbit while two crew visit
the Mars surface

rod

PRE DEPLOYED CARGO

« 25-ton class payload Mars lander

« Ascent vehicle propellant, Fission
Surface Power, and surface

moblllty/propellant transfer system

PRE-DEPLOYED
CREW ASCENT
VEHICLE

« Partially-fueled

 Two crew land/live in pressurized rover 3

- Provides habitation and mobility for 30 &
days

 Supports science and exploration
operations

(et PN e IR RO e
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Space Weather Observations for

Moon and Mars Exploration

~  INBOUND MARS
TRAJECTORY

The histogram shows the relative source longitudes of all Current (Earth-Sun L1-supported) Space Weather "Safe
three-spacecraft SEP events in the STEREO era as described Zone" (white shaded regions)

in Richardson et al. [2014]. SEP event modeling is based on
Strauss, Dresing & Engelbrecht [2017].






Request for the Decadal Survey

Charge to the Decadal Survey Committee: NASA invites input on where its research and mission programs can
support and leverage Agency human exploration and lunar exploration activities (including but not limited to the
Artemis Program). Recommendations on the research strategy should explicitly reference those opportunities, where
appropriate.

+ ldentify heliophysics and space weather science to be conducted in the next decade that is enabled and enhanced
by lunar exploration activities (both in lunar orbit and on the lunar surface)
« |dentify preparatory space weather activities to be conducted in the next decade that would enable or enhance
human exploration of Mars beginning in the 2030s
+ |dentify where and how heliophysics and space weather science can inform and later integrate into human
exploration architecture implementation, including but not limited to the purposes of
» Providing needed observing, modeling, and support to operational users for human missions to the Moon and
later to Mars
» Providing a technical foundation for human and robotic exploration implementation decisions
« Enabling and enhancing heliophysics research in the next decade and beyond (e.g. lunar farside radio
telescope with solar observation capability, lunar resupply vehicle put into a heliocentric disposal orbit)
« |dentify opportunities for cross-disciplinary and -divisional science activities within lunar exploration activities
* Prioritize within the Heliophysics Division programs activities supporting and leveraging robotic and human
exploration of the Moon and Mars
» Clearly incorporate budget guidance for recommended activities
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Additional Information for the Decadal Survey

» Artemis schedules are dynamic, architecture details are subject to change
* Including providers for specific architecture components

« HERMES is multi-purposed:
« Perform heliophysics science from a unique vantage point
» Support lunar exploration with Artemis
 Establish an Earth-independent space weather capability for future deep space human exploration

» Decadal Survey discussions and recommendations should be based on five generic platform
locations/configurations:
 Lunar orbit
 Transiting vehicles between Low Earth Orbit and the Moon
« Stationary and mobile platforms on the lunar surface
« Human habitat on the lunar surface
» 1 AU, heliocentric disposal orbit
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